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By Artbar R. WaUace and Raymond J. Comonzo 

Tho eetimatsd and flight t e s t  results caneidered herein 
showed quite definite* -tihe advanb~ges to be gafrred 5y 8 skewed 
posi t ion of a single-rotsting pl-opeller of a slngle-englne air- 
plane. The data incifcated thet the skewed thrust e x i s  is an 
effective methc9 cf ovaracaning imdequate rudder coDtrol in 
power-on flight at low apesde and that. it also had a pronounced 
effect  on aileron control, par t iculer ly  with flaps deflected. 
There were indications thzt the vertical tail l.ocb obtained and 
rudder pedal forcea required in a high-speed dive v d d  be 168s 
than w i t h  ths normal thrust axis. 
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with power on through the speed range and also with power changes 
a t  a constant s p e d .  During talce-off, asymmetrfc yawing maments 
d m  t o   t h e  proseller slipstresm are so Bevere on eane afrplanes 
that f u l l  rudder is insuff ic ient  to allow take-off in a s t ra ight  
path. Although ths p i l o t  learns to coordimto rudder pedclmvo- 
mente wi th  t h r o t t l e  movements, the situation is still objectionable 
becauee the  control available for maneuverin@; is p a a t l y  reduced. 

AttampGs heve been m d e  t o  increese the mount  of rudder 
control available by increasing the rudder  chord of offsetting 
the fin br?t these are disadvantageous b e c a u ~ e  of large ped.31 
forces which m y  rasult. One method used to reduce the adveirse 
effects of aspmetric yawing and rolling mamente is t o  s h i f t  the 
center of gravity t o  the right r e l a t i v e  t o  the thrust axis, for 
right-hand propel lers .  This method has been found effective when 
tested. (see Jreference 1. ) 

Another method which has bee3  proposed I s  to skew the  thrust 
axis  through a amall angle 80 as to prcduce a thrust mxmnt which 
counteracte the n o m 1  asymznetric yawing m-nt. Engine torquo 
rcaction l e  known t o  be troubleoclme i n   a t   l e a s t  one type cf air- 
plane, namekr, the siagle f l o a t  seapbne. During take-d'f ons 
wing t ?p  ramsins i n  the water Lon3 efter desired. Thzis is due t o  
the i m b l l t t y  c9 the a f le rcns   to   neut ra l ize  engine torque  reaction 
untll near take-ofP speed. Skewlng the  thrust axis a l s o  groducos 
favorable rolling mments by direct ing more of the sl4pstreem  over 
one King half then the other. 

The ;?urpose of t h e  present  Faper is t o  Investigate br ie f ly  the 
effects CP skekring the tkrmt axle. A concise theorat ical  mausis 
and f lying q a l i t y  est?~rat ione obtained from data of tests of 

'-scale model of the XF2M-1 airplane with ncirmal and skew& " 5  
th rus t  axis in the Langley 7- by 10-foot tunnel a r e  presented. 
Data acqufred from flight t ea t8  made by the  Grxman Aircraf t  Corp- 
ra t ion  of an F6F-3 airplane with nomnal and ekewed thrust axis and 
offset  f i n  are also presented. 

The pos i t ive  directions of the stability axes of a n g u h r  
diephclunents of the a-lrphne and control  awfacee, and of hinge 



C a”rfoil  eection chord, feet 



air velocity, feet per eeco~d 

inclicated airapcad (mph) 

pmgeller  diamater (2.27 ft on m d o l )  

propeller speed, ravolutione per secnxl 

etick force, pomde 

distaslce frm p n p e l l e r  canter line t o  centsr cf Ga-sltp 
(18.32 tn, on model) 

ccntrol-surface dei'lection, d e p e e s  

P propellor 
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f o r  t r i m  throu@ the flight range. A smple f igure  Rhowing the 
+ o m  In w M c h  the above t e s t e  were plotted i s  given 8s figme 7. 

THEORY 

Skewing tho  thwt a x i s  has the fol ' lmfnp actianfl which are 
beneficial f o r  the reduction of rutider deflection necessary for 
trim: 

. .  
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1. Direct thruat of the prcpeller. 

2. Side fmce on the grcpdler .  

The dirsct thruet of the prcpeller affects Cy, Cn, and Cl 
in the following m r :  

1. % = ain y 



The side force of t h e  prcpeller €de0 affect8 these three 
cmponents 88 follows: 

, 





Effect of Of fee t  Fin and Skew on Rv.Mer Control 

Effect of Skewod Th?.wot Axis on Alloron Control 
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F i g u r e  1 .- Sys tem o f  axes and c o n t r o l - s u r f a c e   h i n g e  momenta 
a n d   d e f l e c t i o n s .   P o s i t i v e  values o f  f o r c e s ,  moments,  and 
a n g l e s  are i n d i c a t e d  by arrows.  P o s i t i v e   v a l u e s  o f  t a b  
h i n g e  moments and d e f l e c t i o n s  are  I n  t h e  same d i r e c t i o n s  
as t h e  positive v a l u e s   f o r  the control s u r f a c e s  t o  which 
t h e  tabs are a t t a c h e d .  
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Fig. 4 NACA RNI No. L6I16 

Figure 4.- Diagram showing how the thrust  a x i s  was skewed. 
Vertfoal position of thrust axis remained fixed. 
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NACA RM N3. L6116 Fig. 5 
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NACA RM No. L6116 Fig. 7a 



Fig. 7b NACA RM No. MI16 
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Fig. 8b NACA RM No. L6I16 
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NACA RM No. L6116 Fig. 9a 



Fig. 9b 
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Fig. lla NACA RM No. L6116 
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F i g u r o 4 . -  E f f e o t  of &owed thnrrt axle and f in  o f f a s t  oa the rudder 
o f  tne S6F-3 alrplans. C m l m l n g  oonflgurathm, trimmed ror level 
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